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S ❤❛❧♠❛③% ❛③ ✐❧❧❡(③❦❡❞➤ ❦,-❞,(❡❦ ❛❧❛♣❥0♥✱ ❛ ❦,-❞,(-❡ ❛❞♦%% ✈0❧❛(③♥❛❦ ♠❡❣❢❡❧❡✲
❧➤❡♥✳ ❆③ ♦♣%✐♠0❧✐( (③,%♦(③%0( ♠❡❣❤❛%0-♦③0(0-❛ ❖❞❡❧❧ ❡❣② ♠❛①✐♠✉♠ ❧✐❦❡❧✐❤♦♦❞
❛❧❛♣> ❞?♥%,(✐ ❦-✐%,-✐✉♠♦% ❞❡✜♥✐0❧% ❬✶✼❪✱ ♠❛❥❞ ❡❣② ❤❛%,❦♦♥② ❛❧❣♦-✐%♠✉(% ✐( ❥❛✈❛✲
(♦❧%✱ ❛♠❡❧② ❛ ❦-✐%,-✐✉♠♦% ❛③ ❛❧0❜❜✐ ♠F❞♦♥ ❦?③❡❧G%✐✿
L(S) ≃ −
1
2
(
log[(2pi)K |Σ(S)|] +K
)∑
s∈S
N(s), ✭✶✮
❛❤♦❧ s ∈ S ❥❡❧?❧✐ ❛③ ❡❣②❡( 0❧❧❛♣♦%♦❦❛%✱ Σ(S) ❛③ S✲❜❡ ❡(➤ ❛❞❛%♦❦ (③F-0(0%✱ N(s)
♣❡❞✐❣ ❛③ s ❤❛❧♠❛③❜❛ ❡(➤ ♣,❧❞0❦ ✭❛❞❛%✈❡❦%♦-♦❦✮ (③0♠0%✳ ❆ ❢❡♥%✐ ❢♦-♠✉❧❛ ❛❧❛♣❥0♥
♠✐♥❞❡♥ ❧,♣,(❜❡♥ ❛③% ❛ q ❦,-❞,(% ❢♦❣❥✉❦ ✈0❧❛(③%❛♥✐✱ ❛♠❡❧② ♠❛①✐♠✐③0❧❥❛ ❛ ❧✐❦❡❧✐❤♦♦❞
,-%,❦ ∆L(q|S) ✈0❧%♦③0(0%✿
∆L(q|S) =
(
L(Sy(q)) + L(Sn(q))
)
− L(S), ✭✷✮
❛❤♦❧ Sy(q) ,( Sn(q) ❛ S ❤❛❧♠❛③ ❦,% -,(③❤❛❧♠❛③❛✱ ❛♠❡❧②❡❦ ❛ q ❦,-❞,( ❛❧❦❛❧♠❛✲
③0(0✈❛❧ 0❧❧♥❛❦ ❡❧➤✳ ▼❡❣❥❡❣②❡③③M❦✱ ❤♦❣② ❛ ❧✐❦❡❧✐❤♦♦❞ ,-%,❦❡❦ ♥❡♠ ❢M❣❣♥❡❦ ❞✐-❡❦%
♠F❞♦♥ ❛③ ❡❣②❡( %❛♥G%F♣,❧❞0❦%F❧✱ ❝(✉♣0♥ ❛③ ❡❣②❡( 0❧❧❛♣♦%♦❦-❛ ❡(➤ %❛♥G%F♣,❧❞0❦
(③F-0(0%F❧✱ ✈❛❧❛♠✐♥% ❛ ♣,❧❞0❦ (③0♠0%F❧✳
✸✳ ◆❡✉%♦♥❤)❧+✲❛❧❛♣/ )❧❧❛♣♦0❦❛♣❝3♦❧)3
❆ ❢❡♥% ✐(♠❡-%❡%❡%% ❦-✐%,-✐✉♠ ❛ ♣,❧❞0❦ (③F-0(0-❛ ,♣M❧✱ ❛♠✐ ●❛✉((✲❛❧❛♣> ♠♦❞❡❧✲
❧❡③,( ❡(❡%,♥ ,((③❡-➯❡♥ ❤❛♥❣③✐❦✱ ❤✐(③❡♥ ❛ ●❛✉((✲❣?-❜,❦ ❡❣②✐❦ ❢➤ ♣❛-❛♠,%❡-❡ ❛
(③F-0(✳ ❍❛ ❛③♦♥❜❛♥ ❛ ●▼▼✲❛❧❛♣> ♠♦❞❡❧❧❡❦ ❤❡❧②❡%% ♥❡✉-♦♥❤0❧F-❛ ,♣M❧➤ ♠♦❞❡❧❧❡✲
❦❡% ❦,(③G%M♥❦✱ ❛❦❦♦- ❛ ❢❡♥%✐ ❢♦-♠✉❧❛ ❤❛(③♥0❧❛%❛ ❦,-❞,(❡((, ✈0❧✐❦✳ ❊❤❤❡③ ❥?♥ ♠,❣
❛ ❥❡❧❧❡♠③➤❦,(③❧❡%❡❦ ❡(❡%❧❡❣❡( ❡❧%,-,(,❜➤❧ ❢❛❦❛❞F ❦♦-0❜❜❛♥ ✐(♠❡-%❡%❡%% ❞✐❧❡♠♠❛✳
❊ ❦,% ♣-♦❜❧,♠0-❛ %?❜❜ (③❡-③➤ ✐( ❛③% ❛ ♠❡❣♦❧❞0(% ❥❛✈❛(♦❧%❛✱ ❤♦❣② ●❛✉((✲❣?-❜,❦
✐❧❧❡(③%,(❡ ❤❡❧②❡%% %❛♥G%(✉♥❦ ❜❡ ❡❣② ♥❡✉-♦♥❤0❧F% ❛ ❦✐✐♥❞✉❧0(✐ ❦?-♥②❡③❡%❢M❣❣❡%❧❡♥
❝G♠❦,❦ ♦(③%0❧②♦③0(0-❛ ✭❡③ ❧❡❤❡% ❤❛❣②♦♠0♥②♦( ✈❛❣② ♠,❧② ❤0❧F ✐(✮✳ ❊③% ❛ ❤0❧F%
❛ %♦✈0❜❜✐❛❦❜❛♥ ✧(❡❣,❞✧ ♥❡✉-♦♥❤0❧F♥❛❦ ❢♦❣❥✉❦ ♥❡✈❡③♥✐✱ ,( -?✈✐❞❡♥ ❈■✲◆◆ ❥❡✲
❧?❧,((❡❧ ❢♦❣✉♥❦ -0 ❤✐✈❛%❦♦③♥✐✳ ❆ ❜❡%❛♥G%0(0❤♦③ (③M❦(,❣❡( ❈■ ❝G♠❦,❦ ✐❞➤❜❡❧✐ ✐❧✲
❧❡(③%,(,% ❛❦0- ❡❣② ❤❛❣②♦♠0♥②♦( ❍▼▼✴●▼▼ -❡♥❞(③❡- ❜❡%❛♥G%0(0✈❛❧✱ ❛❦0- ❛③
✉%F❜❜✐ ✐❞➤❜❡♥ ❥❛✈❛(♦❧% ❉◆◆✲❛❧❛♣> ❵✢❛%✲(%❛-%✬ %❡❝❤♥✐❦0❦ (❡❣G%(,❣,✈❡❧ ✭♣❧✳ ❬✷✱✸✱✹❪✮
✐( ❡❧✈,❣❡③❤❡%❥M❦✳ ❆ ❧,♥②❡❣ ❥❡❧❡♥ ❡(❡%❜❡♥✱ ❤♦❣② ❛③ 0❧❧❛♣♦%❦❛♣❝(♦❧0(❤♦③ (③M❦(,❣❡(
❦❧❛(③%❡-❡③,(% ♥❡♠ ❛ ❜❡♠❡♥➤ ❥❡❧❧❡♠③➤❦?♥✱ ❤❛♥❡♠ ❛ (❡❣,❞✲♥❡✉-♦♥❤0❧F ❦✐♠❡♥❡%,♥
✈,❣❡③③M❦ ❡❧✳ ■❧② ♠F❞♦♥ ❛ ❦❧❛(③%❡-❡③,( (♦-0♥ ♥❡♠ ❧❡(③ ❥❡❧❡♥%➤(,❣❡ ❛♥♥❛❦✱ ❤♦❣②
❛ (❡❣,❞✲♥❡✉-♦♥❤0❧F ♠✐❧②❡♥ ❥❡❧❧❡♠③➤❦?♥ %❛♥✉❧%✳ ❑✐ ❦❡❧❧ ❛③♦♥❜❛♥ %❛❧0❧♥✉♥❦✱ ❤♦❣②
❛ ❦❧❛(③%❡-❡③➤ ❛❧❣♦-✐%♠✉(% ♠✐❦,♥% ✐❣❛③G%(✉❦ ❛ (❡❣,❞❤0❧F ❦✐♠❡♥❡%✐ ,-%,❦❡✐❤❡③✳ ❆
%♦✈0❜❜✐❛❦❜❛♥ ❡--❡ ✐(♠❡-%❡%M♥❦ ♥,❣② ♠F❞(③❡-%✳
✸✳✶✳ ❆ $❡❣'❞✲♥❡✉,♦♥❤/❧1 ❦✐♠❡♥➤ ✈❡❦7♦,❛✐♥❛❦ ❦❧❛$③7❡,❡③'$❡
❊③ ❛ ❙❡♥✐♦- ,( %(❛✐ 0❧%❛❧ ❥❛✈❛(♦❧% ♠❡❣♦❧❞0( ❛ ❧❡❤❡%➤ ❧❡❣❡❣②(③❡-➯❜❜✳ ➂❦ ❦?③✈❡%❧❡✲
♥M❧ ❛ (❡❣,❞❤0❧F ❦✐♠❡♥❡%,♥ ❢✉%%❛%❥0❦ ❧❡ ❛ ❦❧❛(③%❡-③➤ ❛❧❣♦-✐%♠✉(%✱ ♠G❣ ♠❛❣0% ❛③
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❛ ❦❧❛)③&❡$❡③I)& ❛ )❡❣I❞❤1❧-♥❛❦ ♥❡ ❛ ❦✐♠❡♥❡&I♥✱ ❤❛♥❡♠ ❛ ❧❡❣✉&♦❧)- $❡❥&❡&& $I&❡❣I♥
✈I❣❡③③8❦ ❡❧ ❬✶✶❪✳ ▼❛❣1♥ ❛ ❦❧❛)③&❡$❡③I)✐ ❡❧❥1$1)♦♥ ♥❡♠ ✈1❧&♦③&❛&&❛❦✱ ➤❦ ✐) ❛ ❥-❧
❜❡✈1❧& ❨♦✉♥❣✲❢I❧❡ ❛❧❣♦$✐&♠✉)& ❛❧❦❛❧♠❛③&1❦✳ O❣② &❛❧1❧&1❦✱ ❤♦❣② ❦✐)❡❜❜ 1❧❧❛♣♦&)③1✲
♠♦❦ ❡)❡&I♥ ❡③ ❛ ♠❡❣♦❧❞1) ❥♦❜❜❛♥ ♠➯❦H❞H&&✱ ♠✐♥& ❛ )&❛♥❞❛$❞ ❡❧❥1$1)✱ ❤❛❜1$ ♥❛❣②
1❧❧❛♣♦&)③1♠ ❡)❡&I♥ ❡③ ♠❡❣❢♦$❞✉❧&✳ ❊③& ❛ ❦❡$❡&)③✐♥&➯ ❝/♠❦I❦ ♣♦♥&❛&❧❛♥ ✐❧❧❡)③&I)I✲
✈❡❧ ♣$-❜1❧&1❦ ♠❛❣②❛$1③♥✐✱ ❛③ ✐❧❧❡)③&I)& ✉❣②❛♥✐) ❡❣② ❤❛❣②♦♠1♥②♦) ❍▼▼✴●▼▼
$❡♥❞)③❡$❜➤❧ ✈❡&&I❦ 1&✳
✸✳✸✳ ❑✉❧❧❜❛❝❦✲▲❡✐❜❧❡& ❞✐✈❡&❣❡♥❝✐<♥ ❛❧❛♣✉❧> ❦❧❛4③)❡&❡③*4
❆③ ❡❞❞✐❣ ✐)♠❡$❡&❡&& ❦I& ♠-❞)③❡$ ❡❣②✐❦❡ )❡♠ ✈1❧&♦③&❛&&❛ ♠❡❣ ❛ ❦❧❛)③&❡$❡③I) )♦$1♥
❤❛)③♥1❧& ❞H♥&I)✐ ❦$✐&I$✐✉♠♦&✱ ❝)✉♣1♥ ❛③ ✐♥♣✉&&❛❧ ❥1&)③♦&&❛❦✳ ●♦)③&♦❧②❛ I) &)❛✐
✈✐)③♦♥& ❡❣② ❦♦$1❜❜✐ ❝✐❦❦8❦❜❡♥ ❥❛✈❛)❧❛&♦& &❡&&❡❦ ❡❣② ♥❡✉$♦♥❤1❧-✲❦✐♠❡♥❡&❡❦❤❡③
✐❣❛③/&♦&& ❞H♥&I)✐ ❦$✐&I$✐✉♠$❛ ❬✶✷❪✱ ♠❡❧②♥❡❦ ❛❧❛♣H&❧❡&I& ■♠)❡♥❣ I) &)❛✐ ❑✉❧❧❜❛❝❦✲
▲❡✐❜❧❡$ ❍▼▼✲❡❦❤❡③ ❦✐❢❡❥❧❡)③&❡&& ♠-❞)③❡$❡ ❛❞&❛ ❬✶✸❪✳ ❊③ ❛ ♠-❞)③❡$ &❡❧❥❡)❡♥ ●▼▼✲
♠❡♥&❡)✱ ❛❤♦❣② ❛③ ❛❧1❜❜✐❛❦❜❛♥ $H✈✐❞❡♥ H))③❡❢♦❣❧❛❧❥✉❦✱ ❬✶✷❪✱ ❬✶✽❪ I) ❬✶✾❪ ❛❧❛♣❥1♥✳
❆ ♥❡✉$♦♥❤1❧-❦ ❦✐♠❡♥❡&❡ ❡❣② ❞✐)③❦$I& ✈❛❧-)③/♥➯)I❣✐ ❡❧♦)③❧1)❦I♥& I$&❡❧♠❡③❤❡&➤✳
■❧②❡♥ ❡❧♦)③❧1)♦❦ H))③❡❤❛)♦♥❧/&1)1$❛ ❤❛)③♥1❧❤❛&❥✉❦ ❛ ❑✉❧❧❜❛❝❦✲▲❡✐❜❧❡$ ❞✐✈❡$❣❡♥❝✐✲
1&✱ ❛♠❡❧② ❡❣② zt I) ❡❣② ys ✈❡❦&♦$ ❢H❧H&& /❣② ❞❡✜♥✐1❧❤❛&-✿
DKL(ys||zt) =
K∑
k=1
ys(k) log
ys(k)
zt(k)
, ✭✸✮
❛❤♦❧ k ∈ {1, . . . ,K} ❛ ✈❡❦&♦$ ❞✐♠❡♥③✐-❥❛ ❬✷✵❪✳ ❊③ ❛❧❛♣❥1♥ ❛ ❧✐❦❡❧✐❤♦♦❞ I$&I❦
♠❛①✐♠❛❧✐③1❧1)❛ ❤❡❧②❡&& ❛ ❑▲✲❞✐✈❡$❣❡♥❝✐❛ ♠✐♥✐♠❛❧✐③1❧1)1$❛ ❢♦❣✉♥❦ &H$❡❦❡❞♥✐✿
DKL(S) =
∑
s∈S
∑
f∈F (s)
K∑
k=1
yS(k) log
yS(k)
zf (k)
, ✭✹✮
❛❤♦❧ S ❛③ s 1❧❧❛♣♦&♦❦ ❡❣② ❤❛❧♠❛③❛✱ F (s) ♣❡❞✐❣ ❛③ ❛❞♦&& 1❧❧❛♣♦&❤♦③ &❛$&♦③- &❛♥/✲
&-♣I❧❞1❦✳ ❆③ S✲❤❡③ &❛$&♦③- ♣I❧❞1❦❛& $❡♣$❡③❡♥&1❧- ✈❡❦&♦$ ✭❛③❛③ yS✮ J❣② ❦❛♣❤❛&-
♠❡❣✱ ♠✐♥& ❛③ S✲❜❡ ❡)➤ ♣I❧❞1❦ ♠I$&❛♥✐ ❦H③❡♣❡✱ ❜1$ ■♠)❡♥❣ ❡$❡❞❡&✐ ❝✐❦❦I❜❡♥ ♠❡❣✲
❡♠❧/&✐✱ ❤♦❣② ❛ )③1♠&❛♥✐ ❦H③I♣ ✐) ❛❧❦❛❧♠❛③❤❛&- ❡ ❝I❧$❛ ❬✷✶❪✳ ❑✐❜♦♥&1) I) ❡❣②)③❡✲
$➯)/&I) ✉&1♥ ❛③& ❦❛♣❥✉❦✱ ❤♦❣②
DKL(S) = −
∑
s∈S
N(s) log
K∑
k=1
yS(k), ✭✺✮
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✈❛❣②✐% ❛③ '❧❧❛♣♦+♦❦ ❡❣② S ❤❛❧♠❛③'♥❛❦ ❑▲✲❞✐✈❡5❣❡♥❝✐'❥❛ ❛③ ❡❣②❡% '❧❧❛♣♦+♦❦❤♦③
+❛5+♦③8 ys 9% N(s) %+❛+✐%③+✐❦❛✐ 95+9❦❡❦❜➤❧ ❦❛♣❤❛+8 ♠❡❣ ❬✶✽❪✳ ❆ S '❧❧❛♣♦+❤❛❧♠❛③
%③9+♦%③+'%❛❦♦5 ♠❛❣'+8❧ 95+❡+➤❞➤❡♥ ❛③+ ❛ ❦95❞9%+ 95❞❡♠❡% ✈'❧❛%③+❛♥✐✱ ❛♠❡❧②5❡ ❛
❑▲✲❞✐✈❡5❣❡♥❝✐❛ ∆DKL(q|S) ✈'❧+♦③'%❛ ♠❛①✐♠'❧✐%✿
∆DKL(q|S) = DKL(S)−
(
DKL(Sy(q)) +DKL(Sn(q))
)
. ✭✻✮
✸✳✹✳ ❊♥%&'♣✐*♥ ❛❧❛♣✉❧' *❧❧❛♣♦%❦❧❛0③%❡&❡③30
❩❤✉ 9% +%❛✐ ❡❣② ♥❡❣②❡❞✐❦ ♠❡❣♦❧❞'%✐ ❧❡❤❡+➤%9❣❡+ ❥❛✈❛%♦❧+❛❦ ❬✶✹❪✳ ❊③ %③✐♥+9♥ ❛③
❖❞❡❧❧✲❢9❧❡ ❦5✐+95✐✉♠ ✭❊N✳ ✭✶✮✮ ❡❣② ●❛✉%%✲❣P5❜9❦ ✐❧❧❡%③❦❡❞9%9+➤❧ ❢Q❣❣❡+❧❡♥ ❢♦5♠✉✲
❧'✈❛❧ ✈❛❧8 ❤❡❧②❡++❡%R+9%9♥ ❛❧❛♣%③✐❦✱ ❦♦♥❦59+❛♥ ❛③ P%%③❡✈♦♥+ ❦❧❛%③+❡5❡❦❜❡ +❛5+♦③8
♣9❧❞'❦ ❤❛%♦♥❧8%'❣'+ ❛③ ❡♥+58♣✐'❥✉❦ ❛❧❛♣❥'♥ ❢♦5♠❛❧✐③'❧❥❛✳ ❆ ♣9❧❞❛✈❡❦+♦5♦❦ ❛❧❛♣✲
❥'♥ ❡❣② K✲❞✐♠❡♥③✐8% ❡❧♦%③❧'% ❡♥+58♣✐'❥❛ ❛③ ❛❧'❜❜✐ ♠8❞♦♥ ❜❡❝%Q❧❤❡+➤✿
H(p) =
K∑
i=1
p(i) log p(i). ✭✼✮
❆ ❦✐✐♥❞✉❧8 '❧❧❛♣♦+♦❦❛+ ❧❡R58 ❡❧♦%③❧'%♦❦ ✭❛③❛③ ❛③ ys ✈❡❦+♦5♦❦✮ ❜❡❝%❧9%95❡ ♣❡❞✐❣
❛③ ❛❞♦++ '❧❧❛♣♦+♦❦❤♦③ +❛5+♦③8 ♥❡✉5♦♥❤'❧8✲❦✐♠❡♥❡+❡❦ '+❧❛❣'+ ❢♦❣❥✉❦ ❤❛%③♥'❧♥✐✳
❚♦✈'❜❜♠❡♥✈❡✱ '❧❧❛♣♦+♦❦ ❡❣② S ❤❛❧♠❛③❛ ❡%❡+9♥ ❛ ♣5♦+♦+R♣✉% ✈❛❧8%③R♥➯%9❣✐ ✈❡❦+♦5+
✭yS✮ ❛ ❤❛❧♠❛③❜❛ ❡%➤ '❧❧❛♣♦+♦❦ ys ✈❡❦+♦5❛✐♥❛❦ %V❧②♦③♦++ '+❧❛❣❛❦9♥+ '❧❧R+❥✉❦ ❡❧➤✱
❛❤♦❧ ❛ %V❧②♦③'% ❛ N(s) ♣9❧❞❛%③'♠♦❦ ❛❧❛♣❥'♥ +P5+9♥✐❦✳ ▼❛❣❛ ❛ ❞P♥+9%✐ ❦5✐+95✐✉♠
♣❡❞✐❣ ❛③ ❡♥+58♣✐❛❢Q❣❣✈9♥② ❛❧❛♣❥'♥ ❢♦5♠❛❧✐③'❧❤❛+8 ❛③ ❛❧'❜❜✐ ♠8❞♦♥✿
DE(S) = −
K∑
k=1
N(S)yS(k) log yS(k). ✭✽✮
✹✳ ❉◆◆ ❋❧❛' ❙'❛)'
❆③ '❧❧❛♣♦+❦❧❛%③+❡5❡③9% ❡❧➤++ ❡❧ ❦❡❧❧ ✈9❣❡③♥Q♥❦ ❛ ❈■ ❝R♠❦9❦ ✐❞➤❜❡❧✐ ✐❧❧❡%③+9%9+✱
♠❛❥❞ ❛ ❝R♠❦9❦ ♦%③+'❧②♦③'%'5❛ ❜❡ ❦❡❧❧ +❛♥R+❛♥✉♥❦ ❛ %❡❣9❞✲♥❡✉5♦♥❤'❧8+✳ ❆③ ✐❧❧❡%③✲
+9%+ ❡❧✈9❣❡③❤❡+❥Q❦ ❤❛❣②♦♠'♥②♦% ♠8❞♦♥✱ ❡❣② ❍▼▼✴●▼▼ 5❡♥❞%③❡5 ❜❡+❛♥R+'%'✈❛❧
✐%✳ ❇❛❝❝❤✐❛♥✐ ❛♥❞ ❘②❜❛❝❤ ❛③♦♥❜❛♥ ❛55❛ ✜❣②❡❧♠❡③+❡+♥❡❦✱ ❤♦❣② ❛ ❦❛♣♦++ ✐❧❧❡%③+9%
♥❡♠ ❢❡❧+9+❧❡♥Q❧ ❧❡%③ ♦♣+✐♠'❧✐% ❛ ❉◆◆ +❛♥R+'%❛ ❝9❧❥'5❛ ❬✶✶❪✳ ❊❜❜➤❧ ❦✐❢♦❧②8❧❛❣ ♠✐
❡❣② ❡❧❡❣'♥%❛❜❜ ♠❡❣♦❧❞'%+ ✈'❧❛%③+♦++✉♥❦✱ ❛♠❡❧② ♥❡♠ ✐❣9♥②❧✐ ●▼▼✲❛❧❛♣V ♠♦✲
❞❡❧❧❡❦ ❜❡+❛♥R+'%'+✳ ❆ ❈■✲◆◆ ♥❡✉5♦♥❤'❧8♥❦❛+ ❵✢❛+ %+❛5+✬ ♠8❞♦♥ +❛♥R+♦++✉❦ ❜❡ ❛
▼❛①✐♠✉♠ ▼✉+✉❛❧ ■♥❢♦5♠❛+✐♦♥ ✭▼▼■✮ +❛♥R+'%✐ ❦5✐+95✐✉♠ %❡❣R+%9❣9✈❡❧✱ ●♦%③+♦✲
❧②❛ 9% +%❛✐ ❦♦5'❜❜✐ ❝✐❦❦9+ ❦P✈❡+✈❡ ❬✸❪✳ ❆ ❤❛+9❦♦♥②%'❣ ♥P✈❡❧9%95❡ ❛ +5❛❞✐❝✐♦♥'❧✐%
▼▼■ +❛♥R+'%✐ ❡❧❥'5'%♦♥ ❛③ ❛❧'❜❜✐ ♠8❞♦%R+'%♦❦❛+ ✈9❣❡③+Q❦✳ ❊❧%➤❦9♥+✱ ❛ +❛♥R+'%✐
❝9❧✈❡❦+♦5♦❦❛+ ❛ ❍▼▼✲❡❦ ❢♦5✇❛5❞✲❜❛❝❦✇❛5❞ ❛❧❣♦5✐+♠✉%'✈❛❧ '❧❧R+♦++✉❦ ❡❧➤✳ ▼'✲
%♦❞%♦5❜❛♥✱ ❛♠R❣ ❛ %③♦❦✈'♥②♦% ❡❧❥'5'% ❛③ ▼▼■✲+❛♥R+'%+ ❝%❛❦ ❛ +❛♥R+'%✐ ❢♦❧②❛♠❛+
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